Objective: To evaluate in experimental animals the changes of the palpebral fissure and the orbital volume after orbital injection of bimatoprost 0.03%. Methods: Two main groups of Wistar rats were analyzed, one after orbital injection of bimatoprost 0.03% and another, a control group, after orbital injection of saline solution. The calculation of the palpebral fissure was done on images by means of computer processing, using the program Image J. After taking photographs, the animals were submitted to bilateral orbital exenteration and the volume was calculated in all the animals by the water displacement method (Archimedes' Principle). Results: While comparing the measurements of the palpebral fissure and the orbital volume among animals given an injection with bimatoprost 0.03% and the control group it was found that there were no statistically significant differences. Conclusion: In this study there were no statistically significant differences in the measurement of the vertical palpebral fissure and the orbital volume among animals given the orbital injection of bimatoprost 0.03% and the animals of the control group.
INTRODUCTION
T he bimatoprost 0.03% solution is a prostamide analog with a potent ocular hypotensive effect. It is a synthetic prostaglandin F2Ü (PGF2 Ü) analog [1, 2] , which reduces intraocular pressure (IOP) in humans, as it increases the uveoscleral or nonconventional outflow of the aqueous humor [3] . Bimatoprost is commonly used as a first-choice drug in the treatment of primary open-angle glaucoma and is, generally, well tolerated [4] .
Clinical studies reported adverse effects in 15 to 45% of patients who received daily single doses over a three month period. In a decreasing order of incidences, the most common adverse effects observed were: conjunctival hyperemia, eyelash growth, itching of the eyes, dry eyes, burning eyes, sensation of having something in the eye, eye pain, palpebral erythema, periocular skin pigmentation, eye irritation, ocular secretion, asthenopia, allergic conjunctivitis, watery eyes, superficial punctate keratitis, photophobia, intraocular inflammation (i.e., iritis and iris pigmentation), changes in liver function tests, infections (especially colds and respiratory tract infections) and macular edema, including cystoid macular edema [5] [6] [7] [8] .
Orbital and palpebral changes attributed to the use of bimatoprost like deep superior lid sulci, enophthalmos and bilateral dermatochalasis have been reported with greater frequency over the last years. Partial or complete relief of symptoms was reported in patients after 3 to 6 months of suspending bimatoprost [9, 10] .
The adipose metabolism is regulated by hormones, such as insulin, catecholamine, natriuretic peptides, and other components like cytokines, adenosine and prostaglandin. [11] The activation of prostanoid receptors has been associated with the inhibition of the differentiation of preadipocytes, blocking the expression of specific genes of adipocytes and the accumulation of fat [12, 13] .
The increase of the palpebral fissure in patients who are chronic users of bimatoprost and other prostaglandin analogs might result from the stimulation of the Mueller muscle by prostamides, which probably contributes to the relaxation and contraction of the smooth muscle cell [9] .
The objective of this study is to evaluate in experimental animals the changes of the palpebral fissure and the orbital volume after the orbital administration of bimatoprost 0.03%.
METHODS
This study was approved by the Ethics Committee in Animal Experimentation of the Faculty of Medicine ABC (FMABC). Thirty seven male Wistar rats (Rattus norvegicus albinus) were used, weighing approximately 400 grams, provided and kept by the central laboratory animal house of FMABC. The number of animals was defined in association with the Ethics Committee in Animal Experimentation of FMABC and it was enough to development of the study and statistical analysis. The number of animals required for this comparative study also influenced the decision about which experimental model would be used. The animals were divided into seven groups:
· Group 1 (G1): the rats (n=05) were kept for four weeks receiving an upper temporal periocular injection of 4.8 µg of bimatoprost 0.03% weekly in the right eye socket; · Group 2 (G2): the rats (n=06) were kept for eight weeks receiving an upper temporal periocular injection of 4.8 µg of bimatoprost 0.03% weekly in the right eye socket;
· Group 3 (G3): the rats (n=05) were kept for twelve weeks receiving an upper temporal periocular injection of 4.8 µg of bimatoprost 0.03% weekly in the right eye socket; · Group 4 (G4): the rats (n=03) were kept for sixteen weeks receiving an upper temporal periocular injection of 4.8 µg of bimatoprost 0.03% weekly in the right eye socket during the first twelve weeks. During the last four weeks no injections were given; · Group 5 (G5): the rats (n=06) were kept for twenty weeks receiving an upper temporal periocular injection of 4.8 µg of bimatoprost 0.03 weekly in the right eye socket during the first twelve weeks and during the last eight weeks no injections were given; · Group 6 (G6): the rats (n=06) were kept for 24 weeks receiving an upper temporal periocular injection of 4.8 µg of bimatoprost 0.03 weekly in the right eye socket during the first twelve weeks and during the last twelve week no injections were given;
· Control Group (G7): the rats (n=06) were kept for four weeks receiving an upper temporal periocular injection of saline solution weekly in the right eye socket. The injections were given in the same volume as the other injections given to the animals of the other study groups.
The animals were fed with a normal commercial diet and water "ad libitum". Artificial lighting was used to guarantee light and dark cycles of twelve hours each and the average temperature was kept at 24ºC.
For the application of injections, the animals were given anesthesia using a mixture of xylazine (5 mg/kg) and ketamine (10 mg/kg) which was administered via intraperitoneal [14] . After anesthetic induction, antisepsis of eyelids was performed with iodine alcohol and an upper temporal periocular injection of bimatoprost 0.03% was given in the right eye socket (4.8 µg (7 commercial drops) /eye socket /week).
After their relative period of injections for each group, the animals were put down by inhalation of carbon dioxide (CO2) and, immediately following, were photographed with a Sony Cyber-shot DSC-W370 digital camera with 14.1 megapixels. The Fonseca Junior NL, Petri G, Veridiano JM, Rehder JRCL animals were photographed from a left and right profile position with a square label of a given size (10mm x 10mm) around the periocular region. This label was used to help gain a standard measure when calculating the vertical bilateral palpebral fissure of each animal. This calculation was done on the images using a computerized processing with the program ImageJ (figure 1).
After taking the photographs, the animals were subjected to bilateral orbital exenteration with the help of a surgical microscope. The exenterated orbital tissue was then Table 2 Descriptive analysis of vertical palpebral fissure measurements of all the study groups macroscopically analyzed (coloration and consistency) and, after removal of both upper and lower lids, the orbital volume of all the animals was calculated by the water displacement method (Archimedes' principle). The piece removed entirely with all the orbital tissue was immersed into a graduated cylinder (Vidrolex ® ) with 10 ml of saline solution at room temperature and the volume was calculated by evaluating the displacement of the water column.
The descriptive analysis of data was done with the help of Table 3 Comparative Table 4 Comparative
statistical analysis of orbital volumes between the study groups and the control group (G7) and between the left and right side of the control group (G7)

Comparisons
statistical analysis of vertical palpebral fissure measurements between the study groups and the control group (G7) and between the left and right side of the control group (G7)
CI 95% = 95% confidence interval; LL = lower limit; UL = upper limit R software [15] . The significance level adopted was 5%. The model of linear regression with mixed effects (random and fixed effects) was proposed for comparisons. The linear models of mixed effects are used in the analysis of data where the answers were grouped (more than one measurement for each individual) and the supposition of independence between observations in the same group is not adequate [15] . It is presupposed that the residuals of the models have a normal distribution with a 0 average and a constant variation σ². This procedure was performed with the software R, using the name package. For the multiple comparisons by Tukey contrasts, a correction in values of p by the "single-step" method was used, making use of the multcomp package of the softwareR [15, 16] .
RESULTS
Tables 1 and 2 respectively show the descriptive measures of the orbital volume and the vertical palpebral fissure of all the groups of the study. The descriptive data are also represented in figures 2 and 3. Tables 3 and 4 respectively show the result of the comparative statistical analysis of orbital volumes and the measurements of the vertical palpebral fissure among groups 1, 2, 3, 4, 5 and 6 and the control group.
In this comparative analysis it should be noted that there was no significant difference in the measurement of the vertical palpebral fissure (p>0.68) and the orbital volume (p>0.13) between the animals subjected to orbital injection with bimatoprost and the animals of the control group.
It is important to stress that there was no significant difference between the measurements of the right and left palpebral fissures of the control group after a comparative statistical analysis. This fact was also observed in the comparative analysis of the orbital volume of this group.
DISCUSSION
The Wistar rats were the animal model chosen for this study because their orbital cavity and periocular anatomy are similar to human anatomy, although some particularities. Correlating human orbital anatomy with that of rats, the likeness should be noted in the conic form of the cavity and the disposition of fatty tissue (20, 21) . In both, the adipose tissue fills the intraconal space (surrounded by four straight extraocular muscles), but also envelops and protects the optic nerve. The adipose tissue also fills the extra (19, 20) . The physiology of eyelid movement of the rat and human are similar (20) .
Correlating the human palpebral anatomy with that of rats, a likeness can be seen in the disposition of retractors of the upper lid [19, 20] . In both, the elevating muscle of the upper eyelid originates in the orbital cone and inserts on the anterior and superior portion of the tarsal plate with an aspect of aponeurosis [19, 20] . In human anatomy there is another retractor muscle of the upper eyelid, the Müeller muscle, of sympathetic innervation and which is present between the conjunctival fornix and the elevating muscle of the upper eyelid, with an insertion on the superior tarsal border [19] . In rats there is a superior tarsal muscle that extends between the anterior portion of the elevating muscle of the upper eyelid and the posterior portion of the superior tarsal [20] . Despite this similarity does not exist in the literature studies on the evaluation of the palpebral fissure, enophthalmos in orbital volume related to the use of bimatoprost in rats.
Also the effects of bimatoprost were analyzed as time of use in groups composed of animals with the same physical and environmental characteristics.
The palpebral and orbital changes attributed to the use of bimatoprost as an apparent enophthalmos and the increase of the palpebral fissure have been reported with greater frequency in the past years [4, 9, 10, 17] .
Literature on the matter reports that the apparent enophthalmos may result from the atrophy of preaponeurotic and orbital fat [10] . This hypothesis is based mainly on the pharmacological properties of bimatoprost, a synthetic prostaglandin analog F2Ü (PGF2 Ü) [2] . In the present experimental study the orbital injection of bimatoprost did not significantly change the orbital volume of animals, when compared with the control group.
The adipose metabolism is regulated by hormones, like insulin and catecholamine and by other components such as cytokines and prostaglandins [11] . The storage of lipids by mature adipocytes is regulated by insulin and by prostaglandins [11] [12] [13] . After the activation of prostanoid receptors, there is an inhibition of the differentiation of preadipocytes blocking the expression of specific genes of adipocytes and the accumation of fats [12, 13] , Besides this, these receptors when activated inhibit the absorbtion of free fatty acids and the synthesis of triglycerides in adipocytes [18] , Pharmacokinetic studies in monkeys show that in a single instillation of bimatoprost 0.1% solution there was a concentration 2000 times greater of bimatoprost in the eyelids than in the aqueous humor and sixteen times greater in the iris and the ciliary body, which indicates a significant periorbital absorbtion of the medication [18] .
According to Peplinski and Albiani [9] , the increase of the palpebral fissure attributed to the use of bimatoprost and other prostaglandin analogs may result from the stimulation of the Mueller muscle by prostamides, which probably contributed to the relaxation and contraction of smooth muscular cells.
The intravenous administration of bimatoprost in monkeys for 17 weeks resulted in prominent periorbital sulci and the increase of the palpebral fissure. The same signs were observed six months after beginning to use bimatoprost solution in dosages of 0.03% twice a day or 0.1% once a day in the majority of the monkeys studied [18] . In this experimental study the orbital administration of bimatoprost did not significantly change the vertical palpebral fissure in animals, when compared to the control group.
All animals in this study were evaluated in identical conditions of temperature and anesthesic induction, so the analyzed measures were influenced only by the drug administration.
The purpose of this study was to evaluate in experimental animals the changes of the palpebral fissure and the orbital volume after the orbital administration of bimatoprost 0.03% and no significant difference in the measurements was observed. The results of this study suggest the hypothesis that the enophthalmos reported in patients using bimatoprost eye drops may be related to modification of collagen fibers, since a difference in orbital volume between the groups were not observed. This hypothesis proposes the necessity of microscopic evaluation of adipose tissue and collagen fibers present in the orbit of these animals. The authors of this study have already initiated another study to analyze this evaluation, as well as an immunohistochemical assay for the presence of neovascularization in different groups The findings in this study are considered only for the animal model used.
CONCLUSION
In this study there was no significant difference in the measurements of the vertical palpebral fissure and the orbital volume between the animals subjected to the orbital administration of bimatoprost and the animals of the control group.
